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Abstract
Tsukuba city has been promoting projects to reduce 50% CO2 emission per capita by 2030. One action plan is 
creation of a low-carbon rural area including acceleration of biomass use. Biomass Task Force was established 
aiming at planning of Biomass Town, and implementation of social experiment on biomass use. Interim achievements 
such as investigation result of present biomass use situation, ideas of biomass use including algae, and preparation of 
road map to promote biomass use, are arranged. It is essential to have reliable cooperation among related sectors, 
good institution, funds and suitable technologies at several points in time.
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of International 
organizing Committee for AOAIS-1
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1. Introduction
Tsukuba city of Japan has been promoting projects to reduce 50% CO2 emission per capita by 2030
under the flag of “Tsukuba Environmental Style” [1]. One action plan is creation of a low-carbon rural 
area as shown in Fig.1. It is implemented by conserving green areas where CO2 is absorbed, promoting 
environmental-friendly agriculture and rural life that reduce emission of CO2. Acceleration of biomass 
use also contributes to above target. The PDCA (Plan-Do-Check-Act) cycle will ensure successive 
improvement of the activities. 
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In national level, “Biomass Nippon Strategy” was determined at the Cabinet meeting on 27 December 
2002 (revised on 31 March 2006) [2]. It has following targets: 
1) Prevention of global warming
2) Creation of a recycling-oriented society
3) Fostering of new strategic industries with competitive edges
4) Activation of agriculture, forestry, as well as associated rural communities 
The strategy encouraged municipalities to draw up the plan of “Biomass Town”. The biomass town 
means the area where waste and unused biomass is converted efficiently and used. The cultivation of 
energy crops/plants and conversion to energy are included. Basic concept is local production for local 
consumption on food, energy and material that can reduce fossil energy consumption. Key points for 
constructing biomass town are 1) vitalization of agriculture, forestry and rural community including 
growth of regional economy, 2) development of sound recycle-basis society, 3) linkage with arrangement 
of production basis, 4) conservation of regional environment and repression of global warming, 5) 
continuous growth by originality, invention and effort.
Based on the above strategy and later events, “Fundamental plan for Biomass Use” was determined at 
the Cabinet meeting on 17 December 2010 [3]. Algae biomass use was involved as one promising 
technology development.
“Tsukuba 3E (Environment, Energy, Economy) Forum Committee” was organized led by University 
of Tsukuba to support Tsukuba city’s challenge from view point of technology development, and to make 
proposal nationwide and worldwide [4]. “Biomass task Force (BTF)” was established in the committe for 
contributing reduction of CO2 emission through adequate use of feedstock biomass resources and creation 
of renewable energy from biomass. In this paper, interim achievements of BTF are arragend.
䇾Per-capita 50% reduction of CO2 emission by 2030”
Tsukuba Environmental Style
Action plan
Projects to be implemented within 5 years
Environmental 
education for 
awareness of 
low-carbon 
society
Formulation of 
a plan of 
an innovative 
low-carbon 
traffic system
Evolution of 
an experimental 
low-carbon 
town
Creation of a 
low-carbon 
rural area
A comprehensive assessment of the effects and economical efficiency of CO2
reduction to be made considering the total implementation of various kinds of 
policies and the relationship among the activities 
Fig.1 Outline of action plan under Tsukuba Environmental Style.
Tsukuba PDCA cycle 
Follow-up supports including monitoring, assessment, and review by universities and institutes. 
128   Yoshito Yuyama /  Procedia Environmental Sciences  15 ( 2012 )  126 – 133 
Table 1. CO2 Emission in Tsukuba. 
Sector Emission (10 thousands t-CO2/ )(%) 
Industrial 15.6 (9.3) 
Private 
Domestic 33.0 (19.7) 
Business 89.8 (53.5) 
Transport 27.0 (automobile:26.6) (16.1) 
Waste material (scrap plastic) 2.4 (1.4) 
Total 167.8 (100) 
 
 
Table 2. Creation of a low-carbon rural area. 
Policy direction Practical policies Actions 
Increase of  CO2 
absorption sources 
Promotion of afforestation such as  
tree  planting 
Maintenance of CO2 absorption sources by tree planting  
Installation of green curtains and grass parking areas  
Promotion of introduction of plantation in factories  
Conservation of farmland Effective use of idle farmlands and fields  
Forest development and conservation 
Promotion of conservation, and development of forest and 
Satoyama  
Foundation of a  Green Bank System Establishment of the system to register idle farmlands and 
to lend them for conservation  
Acceleration of 
biomass use 
Use of spent cooking oil Collection of spent cooking oil and conversion to 
Demonstration test of algae biomass 
use Demonstration test of algal biomass use  
Planning of the concept and 
demonstration tests of biomass use 
Promotion of  Tsukuba Biomass Town Plan  
Local production for 
local consumption  
Implementation of  local production 
for local consumption 
Introduction of the food mileage concept and promotion 
of local production for local consumption  
Establishment of 
institution and system  
Securement of green environment by 
the institution 
Securement of green lands  
Granted project for hedging  
Project for tree planting in parking spaces  
 
2. Policy for creating a low-carbon rural area and biomass use 
Tsukuba city estimated CO2 emission as of 2006 as shown in Table 1. Total emission per capita of 
8.3t CO2/y is relatively small in Japan and ratio of business activity of private sector reaching 54% is 
relatively very high. Practical policies and actions to reduce emission of CO2 were planed as shown in 
Table 2. BTF has been expected for contributing to acceleration of biomass use in particular. 
Biomass use should be designed and operated adequately considering sustainable use of biomass 
resources. Regional diagnosis is needed to understand present condition, and to clarify the sustainability 
and soundness of biomass use plan. The diagnosis compares several ideas in terms of range of objective 
area, selection of biomass conversion processes or combination of them, scale and disposition of biomass 
conversion plants. The balance of supply and demand in terms of quantity, time and space, and 
environmental impact are also evaluated.  
Remark: Total emission is equivalent to 8.3t CO2/ y per capita as of 2006.  
Remark : Minors revisions were made  to wordings. 
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3. Role of Biomass Task Force
3.1. Background and purpose of Biomass Task Force
Tsukuba 3E Forum Committee has held series of forum conference. In the second form, opportunity
of workshop on biomass was given on 1 June 2008, and the following action plans were agreed:
1) Support of biomass town planning 
2) Implementation of social experiment on biomass use
3) Application of appropriate technology in time and development of new technology 
BTF was established in the Tsukuba 3E Forum Committee in 2009. Purpose of BTF is promotion of 
biomass use for creation of a low-carbon rural area:
1) Sound recycle-basis society
2) Vitalization of rural community
3) Environmental conservation including reduction of CO2 emission
3.2. Members
The members of BTF consist of representatives from NARO (National Agriculture and Food Research 
Organization), University of Tsukuba, 3Ecafe Project Team (students of University of Tsukuba), PWRI 
(Public Works Research Institute), AIST (National Institute of Advanced Industrial Science and 
Technology), NIES (National Institute for Environmental Studies), FFPRI (Forestry and Forest Products 
Research Institute), Tsukuba City officials and Ibaraki Prefecture officials.
3.3. Activities
Tentative activities of BTF are support of biomass town planning, and preparation of social 
experiments on biomass use by both practical and innovative technologies for three years under 
cooperation among industry, academic institute, administration sectors and citizens.
BTF has provided some workshops to encourage biomass use, and get ideas from participants. From 
planning stage, proposal of ideas from citizens are welcomed. BTF contributes to promoting activities 
that citizens propose or can join immediately and easily. Proposed ideas will be diagnosed strictly, and 
then the projects start from small scale trials to accumulate know-how. The algae biomass use led by 
University of Tsukuba is the highest priority candidate of the social experiment as innovative technology.
4. Interim achievement
4.1. Investigation result of present biomass use
The first step to make a plan of biomass use is to clarify present use situation. Table 3 shows the 
results obtained so far. Because feedstock biomass is generally generated dispersedly in low density, and 
the produced resources are used both in energy and material, wet weight, carbon and nitrogen amounts 
are estimated together. According to the investigation, biomass generation rates in Tsukuba are 
212,000t/y of raw weight, 29,000t/y of carbon and 834t/y of nitrogen.
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Table 3. Estimated biomass generation rates.
Classification
Generation rate(t/y)
Wet weight Carbon Nitrogen
Livestock wastes 31,618 1,448 247
Raw garbage 26,343 1,182 62
Food wastes 1,910 76 10
Paper wastes out of recycle 19,218 4,257 11
Spent cooking oil 177 125 0
Sludge 23,647 579 156
Woody wastes of construction 5,400 2,387 2
Pruned branch and grass 7,378 812 29
Straw 26,656 9,015 131
Husk 5,998 1,910 17
Pruned lawn 53,100 4,885 159
Unused woody biomass in forest 972 217 8
Wood waste at lumber mill 9,519 2,128 2
Sum 211,936 29,021 834
4.2. Ideas of biomass use
Ideas to promote biomass use have been widely discussed and proposed as follows : 
1) Foundation of Promotion Association
2) Use of tree and lawn prunings
3) Use of raw garbage and residues of school lunch 
Candidate activities are trial use of raw garbage, woody biomass and pruned lawn. The development 
of methodology and foundation of promotion association for planning, implementation, regulation, 
evaluation and education should come first.
4.3. Algae biomass use
Algae biomass use is focused recently, because its productivity potential is extremely high [5]. Prof. 
M. Watanabe of University of Tsukuba suggeted the integrated system as shown in Fig. 2. To realize a 
social experiment of such a system, checklist was prepared in Table 4 based on experience of the research 
project focusing methane fermentation [6]. Not only key technoligy, but also systemization of related 
technologies is important. The project design matrix is desirable to promote the experiment efficiently.
Moreover, exhibition of experiment and trial use of produced oil by citizens are desirable, because most 
activities would be carried out by researchers and engineers.
Remarks: There are unwritten quantities of biomass that are not included in the investigation.
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Fig.2. Integrated system of algae biomass use. 
 
 
Table 4. Checklist for social experiment of algae biomass use. 
 Super goal and concept  
 Key technology and related element  technologies  
 Promoting organization  
 Project manager 
 Field supervisor  
 Audit  
 Secretary  
 Scale of social experiment  
 Target and evaluation indicator  
 Business model  
 Problems of experiment  
 Procedures for implementation of experiment  
 Place of experiment  
 Needed devices and equipment  
 Needed nutrient for cultivation of algae  
 Needed energy for cultivation of algae  
 Method of usage of produced oil  
Method of usage or disposal of produced material  
 Experiment plan  
 Design of material and energy balance  
 Safety control and countermeasure of odor  
 Criteria to complete or stop experiment  
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4.4. Road map 
The road map to promote biomass use until 2013 is drafted in Table 5. It is mostly based on action 
plans of Tsukuba Environmental Style. It is consisted of 1) increase of CO2 absorption sources, 2) 
acceleration of biomass use, and 3) implementation of social experiments. Well designed Tsukuba 
Biomass Town Plan ensures fruitful achievements. The effect of reduction of CO2 emission is under 
estimation. The draft tells the target until 2013 and 2030 is 800-1,200tCO2/y and 30,000-220,000t CO2/y 
respectively. Uncertainty comes from realization of algae biomass use.  
 
Table 5. Target of reduction of CO2 emission (t/y). 
Estimated 
Potential
(2008
Action plan of Tsukuba 
Environmental Style
target of 2013
Road map Draft
Short-term 2013 Medium-term 2020 Long-term 2030
Increase of CO2
absorption 
sources
Promotion of 
afforestationsuch as 
tree planting
Various 
countermeasures low B middle
Forest development 
and conservation
22,600
5,100ha 150ha
665
150ha
4,000
900ha
Use of idle farmland 30% of idle farmland 125ha 210ha
Acceleration of 
biomass use
Rural development by 
biomass use (except 
algae use and 
including*)
3,600 Connected with BTF activity
B middle
C low C high
D low
3,000 4,000
Use of spent 
cooking oil 7.4
7.4
5% of collection rate 
69.5
15% of collection rate 
Algae biomass use 45,000 1,000t/ha/y of oil production 2030
Social experiment 
1,000t/ha/y
Making scenario
D
Large scale industrial 
basis operation
E high 2 200 
thousand
1000t/ha/y 80ha
Promotion of local production for local 
consumption on food
Local production ratio of 
school lunch
Rice 100
Vegetable 15
low high low
Saving and creating energy in 
agriculture and rural area
ex) Installation of 
heat pump
2030
low
middle
Use of renewable energy 
resources, Change to 
compact city
C middle
Construction of 
Natural Energy 
Town (smart grid)
Target of reduction of CO2 emission t/y 71,200 800 1,200 30,000 220,000
 
 
 
 
5. Conclusion 
BTF has worked for planning of Tsukuba Biomass Town and preparation of social experiments 
of biomass use. Vitalization of rural community and acquirement of renewable energy from algae 
are main concern. From now, proposed ideas are examined more in detail and screened. Starting the 
social experiment is important to approach the target of the road map even though small scale. To 
realize Tsukuba Biomass Town Initiative, it is essential to have reliable cooperation among related sectors, 
good institution, funds and suitable technologies at several points in time. 
Remark-1 : Draft by chairman of BTF. 
Remark-2 : A 100 B 100 500 C 500 3,000 D 3,000 10,000 E 10,000 . 
Remark-3 : Algae oil 1t = 2.647tCO2.  
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